Examination of the kinetic parameters for the hydrolysis, by acid proteinases, of a single peptide bond (between p-nitro-L-phenylalanyl and L-phenylalanyl) in a series of oligopeptides has shown that secondary interactions are important factors in determining the catalytic efficiency. Comparison of the action of highly purified pepsinlike enzymes (Rhizopus proteinase, Mucor proteinase, rennin) with that of swine pepsin A indicates significant differences among them, either in the binding of the substrate (as estimated by K.), or in the catalytic efficiency (as measured by kcat), or both. It may be concluded from these data that, in their action on oligopeptide substrates, the specificity of proteinases operating by a similar catalytic mechanism cannot be explained solely in terms of the amino acid residues flanking the sensitive peptide bond; in addition, the specificity includes significant contributions from secondary interactions arising from complementary relations between parts of the substrate and of the enzyme at a distance from the catalytic site. Data are also presented for the effect of urea (about 1 M) on the kinetic parameters of several acid proteinases; under the conditions of these studies, the binding of the substrate is affected to a much lesser degree than is the catalytic efficiency.
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Many of the known proteinases have been classified into distinct types, according to the nature of the enzymic groups identified with the catalytic process (1) . The so-called serine proteinases, which include chymotrypsin, trypsin, elastase, and subtilisin, are characterized by the presence of a reactive seryl residue and a histidyl residue at the catalytic site. In the cysteine proteinases (papain, ficin, streptococcal proteinase, etc.), a cysteinyl residue and a histidyl residue are involved. These enzymes act optimally on proteins and on synthetic peptide substrates at pH values in the range 5-9, and the available evidence is consistent with the intermediate formation of an acyl-enzyme. In addition, there is a sizeable group of enzymes whose optimal action on protein substrates is in the pH range 2-5, and that have been termed "acid proteinases." The best-known member of this group is swine pepsin A (2); others are rennin (3), cathepsin D (4), and the acid proteinases of several molds, including Rhizopus chinensis (5), Penicillium janthinellum (penicillopepsin (6)), and AMucor miehei (7) . Besides pepsin, several of these enzymes have been prepared in crystalline form (3, 5, 6) .
A common feature of the acid proteinases appears to be their inhibition by diazo compounds (8, 9) ; in the case of pepsin, the carboxyl group of an aspartyl residue in the sequence Ile-Val-Asp-Thr-Gly-Thr-Ser has been identified as the site of attack by such a reagent (10) . A reactive aspartyl residue has also been identified as part of the active site of penicillopepsin (6) . Although further studies are needed, the available information suggests that in the action of pepsin (and possibly of other acid proteinases) an imino-enzyme intermediate is involved in the catalytic mechanism; it has been suggested that the active site contains a carboxylate group acting as a nucleophile and another carboxyl group (in its protonated form) acting as a proton donor (11, 12) .
Whereas the serine proteinases exhibit significant differences in specificity with respect to the amino acid residue, in the substrate, which provides the carbonyl group of the sensitive peptide bond, the known acid proteinases appear to have similar (although not identical) preference for hydrophobic amino acid units flanking the sensitive bond (13) . Thus, the available data on the cleavage of the oxidized B chain of insulin by pepsin (14) , rennin (3) , and the acid proteinases of Rhizopus (15) and Mucor (16) show, in all cases, a preferential attack at Leu-Tyr (15-16), Tyr-Leu (16-17), Phe-Phe (24) (25) , and Phe-Tyr (25-26), although differences have been noted in the apparent susceptibility of other peptide bonds.
Despite their similarity of action on the B chain of insulin, however, several of the known acid proteinases have been reported to be relatively inactive toward simple synthetic substrates for crystalline swine pepsin A. Recent work has provided a large number of new pepsin substrates, some of which are cleaved at a rapid rate, and conclusions have been drawn concerning the specificity of the action of this enzyme at peptide bonds (13) . In particular, it has been found that with small synthetic substrates of the type A-X-Y-B, where X and Y are -amino acid residues flanking a sensitive peptide bond, pepsin prefers a phenylalanyl residue in the X position and a tryptophyl, tyrosyl, or phenylalanyl residue in the Y position; other hydrophobic amino acid residues also promote pepsin action, but to a much lesser degree (17). Moreover, it has been found that the rate of pepsin action at the Phe-Phe [or Phe(NO2)-Phe] bond of substrates of the type A-PhePhe-B [or A-Phe(NO2)-Phe-B] is greatly influenced by the nature of the A and B groups on either side of the sensitive dipeptidyl unit (18, 19) . These effects have been interpreted as providing evidence for the view that the "secondary" interactions of the A and B groups of the substrate with complementary enzymic groups relatively distant from the catalytic site may alter the conformation of the enzyme in a manner that affects the efficiency of catalysis. It appeared likely, therefore, that the apparent discrepancy between the similarity of the action of the acid proteinases on the B chain of insulin and the wide differences among them in the cleavage of small synthetic substrates might be related to the effect of 257 Abbreviations: In addition to the usual abbreviations for L-amino acid residues, the following have been used: Phe(NO2), p-nitro-I. The data in Table 1 for the action of rennin on pepsin substrates show that, of those tested, only those with B = AlaOMe, Ala-Ala-OMe, and Ala-Phe-OMe were cleaved at the Phe(NO2)-Phe bond to a measurable extent under the conditions of these studies. With B = Ala-OMe, the value of Km was too high to permit an estimate of kcat to be made, and the value of kat/Km was calculated from the first-order rate constant for the hydrolysis of this substrate (19) . In those cases in which an estimate of Km could be made, it was clear that the substrate in question was bound much more weakly by rennin than by pepsin. In view of the similarity in the action of rennin and pepsin on the B chain of insulin, it may be surmised that the two enzymes exhibit considerable difference in affinity toward oligopeptide substrates. In this connection, it may be noted that, in the action of rennin on casein in the milk-clotting process, a Phe-Met bond is preferentially cleaved (24) ; that this cleavage is not a consequence of a specificity of rennin for the Phe-Met unit, as against the Phe-Phe unit, is indicated by our finding that Z-His-Phe(NO2)-Met-OMe (prepared in a manner analogous to that described (17) for Z-His-Phe-Met-OMe) is completely resistant to rennin action at the highest enzyme concentration (Table 2 ). This conclusion applies to all the substrates of pepsin and of the Rhizopus proteinase tested; in addition, the action of the Mucor proteinase on Z-His-Phe(NO2)-Phe-Ala-OMe was characterized by koat = 0.29 0.05 sec-' and Km = 1.5 0.2 mM. It seems, therefore, that these enzymes respond to 1 M urea in a manner that does not affect greatly their ability to bind the oligopeptide substrates tested, but significantly alters the catalytic efficiency with which these substrates are cleaved. At the present stage of our knowledge about the nature of the action of urea on the conformation of proteins, and about the threedimensional structure of the active site of pepsin, speculations regarding the significance of the data presented in Table 2 are premature. Although the results appear to be consistent with increased flexibility of the enzymic structure, too small to be detected by optical measurements, but sufficiently large to alter the catalytic efficiency, other explanations are possible. Further study of the action of relatively low concentrations of urea (and of other denaturing agents) on the kinetic parameters of the action of proteinases on oligopeptide substrates may clarify the problem.
